INTRODUCTION
Streptococcus suis is a zoonotic pathogen that causes invasive infections in humans who have been in close contact with infected pigs or contaminated pork-derived products, and these infections have received increasing attention worldwide (Gottschalk et al., 2010) . S. suis serotype 2 is the most prevalent serotype in humans, but human cases of serotypes 1, 4, 5, 14, 16 and 24 have also been reported (Kerdsin et al., 2009 (Kerdsin et al., , 2011a Nghia et al., 2008) .
Thirty-three S. suis serotypes have been identified based on their capsular polysaccharides (Hill et al., 2005) . However, the identification of S. suis serotypes using the antiserum of each serotype is laborious and expensive. Thus, PCR is a more attractive alternative because of its rapid analytical capacity and low cost. PCR-based identification of S. suis serotypes 1, 14, 1/2, 2, 7, 9 and 16 has been reported previously (Kerdsin et al., 2009; Marois et al., 2004; Okwumabua et al. 2003; Smith et al., 1999a, b; Silva et al., 2006; Wang et al., 2011a; Wisselink et al., 2002) . However, the genetic sequences of 15 S. suis capsule loci are available in GenBank (Wang et al., 2011b) , so we developed a multiplex PCR to identify these 15 S. suis serotypes using two reactions.
METHODS
Bacterial strains. Between 2006 and 2008, we collected 33 serotypes of S. suis reference strains, comprising serotypes 1/2, 1-31 and 33, together with 179 human isolates (Kerdsin et al., 2009 (Kerdsin et al., , 2011a and 109 S. suis strains isolated from the tonsils of clinically healthy pigs in Khon Kaen province in 2008 (n547) and Phayao province in 2010 (n562) in Thailand. The 179 human isolates have been serotyped previously (Kerdsin et al., 2009 (Kerdsin et al., , 2011a Primer design. The sequences of the capsule (cps) loci of S. suis serotypes 1, 3, 4, 5, 7, 8, 9, 10, 14, 19, 23, 25 and 1/2 were retrieved from GenBank under accession numbers JF273644-JF273656 (Wang et al., 2011b) . The cps loci sequences of S. suis serotypes 2 and 16 were retrieved from GenBank under accession numbers AF118389 (Smith et al., 2000) and HQ694980 (Wang et al. 2011a) , respectively. of each serotype were identified and retrieved. These sequences were used as templates for design of primers with the Primer-BLAST program (http://www.ncbi.nlm.nih.gov/tools/primer-blast/). Specific PCR amplification of the S. suis glutamate dehydrogenase (gdh) gene, which has a 695 bp PCR product, was also carried out according to a previously published method, with the minor modification of adding nucleotides at the 59 position of primers in the gdh gene to increase the melting temperature and allow the use of a higher annealing temperature during multiplex PCR (Okwumabua et al., 2003) . The primer sequences used for the multiplex PCR are shown in Table 1 .
We also retrieved the functional information of the products of each target gene for the binding of these primers from GenBank under accession numbers JF273644-JF273656, AF118389 and HQ694980 and from previously published reports (Wang et al., 2011a, b; Smith et al., 2000) . These products included glycosyltransferase for cps1J, cps14J, cps1/2, cps2, cps7H, cps9H and cps16K, glycosyltransferase-like family 2 for cps3J, polysaccharide biosynthesis protein for cps3K, cps4M and cps10P, polysaccharide pyruvyltransferase for cps23K, UDP-glucose/GDP-mannose dehydrogenase family for cps4N, and CDP-glycerol : poly(glycerophosphate) glycerophosphotransferase for cps10Q and cps25N. However, the products of the target gene for each of cps5N, cps19L, cps23J and cps25M remain unknown.
Serotyping by multiplex PCR. The multiplex PCR was separated into two primer sets. Set 1 comprised the primers for serotypes 1/2, 1, 2, 3, 4, 7, 9, 14 and 16, whilst set 2 comprised the primers for serotypes 5, 8, 10, 19, 23 and 25 . The PCR mixture contained 16 KAPA2G Fast multiplex PCR mix (Kapa Biosystems) and 0.2 mM each primer for each primer set. The PCR thermal profile was as follows: initial activation of DNA polymerase at 95 uC for 3 min, followed by 30 cycles of denaturation at 95 uC for 20 s, primer annealing at 58 uC for 30 s and extension at 72 uC for 40 s, with a final extension at 72 uC for 5 min. The PCR products were analysed by gel electrophoresis for 30 min using 2 % agarose gels and 0.56 TBE buffer. The gels were stained with ethidium bromide and visualized under UV light (GeneGenius Bioimaging System; SynGene). The sizes of the PCR products were determined by comparison with a molecular size standard (GeneRuler 100 bp plus DNA ladder; Thermo Fisher Scientific).
Serotyping of S. suis isolates from pigs using antisera. The serotyping of S. suis strains isolated from pig tonsils was achieved by co-agglutination using rabbit antisera (Statens Serum Institut). The results were confirmed by Dr M. Gottschalk at the International Reference Laboratory, Université de Montréal, Canada.
RESULTS AND DISCUSSION
We used 33 S. suis reference strain serotypes to verify the multiplex PCRs. As shown in Fig. 1 , only the 15 target A. Kerdsin and others serotypes (serotypes 1/2, 1, 2, 3, 4, 7, 9, 14 and 16 in set 1 of the multiplex PCR, and serotypes 5, 8, 10, 19, 23 and 25 in set 2 of the multiplex PCR) were positive and they produced two bands, the species-specific band for the S. suis 695 bp gdh gene as expected, and the serotype-specific band for the cps gene. By contrast, the 18 other serotypes produced only the species-specific band (data not shown). As expected, this PCR could not differentiate serotypes 1 and 14, or serotypes 2 and 1/2, because the cps loci of these serotypes share high genetic similarity, although they are not identical (Kerdsin et al., 2009; Smith et al., 1999a; Wang et al., 2011b) .
Of 179 human isolates of S. suis, this assay confirmed 165 serotype 2 isolates as serotype 2 or 1/2, 12 serotype 14 isolates as serotype 1 or 14, and one serotype 5 isolate as serotype 5, but, as expected, it could not identify the single serotype 24 isolate (Table 2 ).
As shown in Table 3 , the multiplex PCR assay also confirmed various serotypes among the 109 pig isolates. This assay could not identify the serotypes of 39 isolates, including serotypes 6 (n54), 12 (n51), 17 (n51) and 24 (n53), as well as serotypes untypable with antisera (n530).
The specificity of the multiplex PCR for S. suis serotypes was tested using other Streptococcus species reference strains as described in Methods. No cross-reactivity was detected with any of these streptococcal species.
In this study, our multiplex PCR distinguished 15 serotypes of S. suis isolates from humans and pigs. This single assay correctly identified S. suis at the species level and differentiated its serotypes using the same system, so this multiplex PCR has advantages over previously reported PCR systems that detect only a limited range of serotypes (Kerdsin et al., 2009; Marois et al., 2004; Okwumabua et al., 2003; Smith et al., 1999a, b; Silva et al., 2006; Wang et al., 2011a; Wisselink et al., 2002) . Our multiplex PCR could not differentiate serotype 2 from serotype 1/2, or serotype 14 from serotype 1, so antisera are required to distinguish these serotypes. However, this multiplex PCR can reduce the cost and labour required to type the other 11 serotypes without using antisera. Our method could detect serotypes 2, 5 and 14 in human isolates, and serotypes 3, 4, 5, 8, 9 and 16, which are frequently isolated from diseased pigs (Gottschalk et al., 2010; Kerdsin et al., 2011b; Nghia et al., 2008; Schultsz et al., 2012) . The cps loci of the remaining 18 serotypes should be determined to facilitate the future development of PCR systems that can identify these serotypes.
